Background: Pressurized Intra-Peritoneal Aerosol Chemotherapy (PIPAC) is a novel laparoscopic intraperitoneal chemotherapy technique, with advantages such as homogeneous distribution of aerosol and deeper tissue penetration. Thus far, PIPAC oxaliplatin has been administered at an arbitrary dose of 92 mg/m 2 .
Introduction
Pressurized Intra-Peritoneal Aerosol Chemotherapy (PIPAC) is an innovative IP chemotherapy concept for treating peritoneal metastasis that enhances efficacy by taking advantage of the physical properties of gas and pressure [1] . This results in a superior distribution and depth of penetration of the drug [1, 2] . To date, most phase II trials utilizing PIPAC involve the use of cisplatin and doxorubicin [3] [4] [5] . Oxaliplatin is an approved drug for systemic chemotherapy, with well documented use intraperitoneally via hyperthermic intraperitoneal chemotherapy (HIPEC) as well. This makes it a favourable agent for PIPAC in early phase studies. Only three prior studies have utilized oxaliplatin in PIPAC for peritoneal metastasis [4, 6, 7] . However, the dose of oxaliplatin utilized for PIPAC in these studies was arbitrarily set at 92 mg/m 2 , which is approximately 20 % of the dose used in HIPEC. Furthermore, some of these studies were performed on patients with a recent or concurrent administration of systemic chemotherapy, which may make interpretation of the side effects and safety profile difficult to interpret. In this study, we intend to determine the dose-related safety profile and tolerability of PIPAC with oxaliplatin by assessment of dose-limiting toxicities (DLT) and the adverse event profile via an evidence-based approach. The secondary aim is to evaluate the clinical and pathological response of PIPAC with oxaliplatin as well as to identify the pharmacokinetic profile of oxaliplatin administered via PIPAC.
Methods and design
This is a prospective, single arm phase I trial in a 3 + 3 dose escalation design (Figure 1 ) evaluating the safety and tolerability of PIPAC using oxaliplatin in patients with peritoneal metastasis. Ethics approval was obtained from the National Healthcare Group Domain Specific Review Board (DSRB) (2016/01088). This trial is also registered on ClinicalTrials.gov. (NCT03172416).
Patient selection and study population
Eligible patients should have gastric and colorectal cancers with unresectable peritoneal metastasis. The protocol was recently expanded to include patients with unresectable peritoneal metastasis from other primary tumours. Eligibility for recruitment would be based on the inclusion and exclusion criteria (Table 1) . They should have undergone or have been offered at least first-line systemic chemotherapy, as PIPAC is still investigational with no phase III studies demonstrating superiority over first-line systemic chemotherapy. 
Screening and enrolment
Potential subjects will be identified by the study team with clinicians from the study team making the first contact with subjects. The clinician will assess patient suitability and eligibility for primary registration for the study and inform the patient about this clinical trial. The study team will then obtain written informed consent by means of a dated signature from the potential subjects with the original being retained by the study team. Screening/baseline evaluations are to be conducted within 4 weeks prior to start of PIPAC. Details on the evaluations required can be found in the study schedule ( Table 2 ). 
Study protocol: PIPAC oxaliplatin dose escalation study in peritoneal metastasis
PIPAC administration
PIPAC will be administered as described by Solass et al. [5] , using oxaliplatin reconstituted in 150 mL of Dextrose solution administered at a flow rate of 30 mL/min with a maximal upstream pressure of 200 psi. The system was kept at a steady-state for a total of 30 min at an intraabdominal pressure of 12 mmHg. Treatment will be administered on an inpatient basis. No investigational or commercial agents or therapies other than those described below may be administered with the intent to treat the patient's malignancy. Patients with a weight increase or decrease of more than 10 % from that recorded at baseline within 3 days prior to study treatment on day 1 of all subsequent cycles, which is clearly not related to fluid retention, should have their body surface area (BSA) recalculated and dosage of oxaliplatin should be re-adjusted. A delay of up to 14 days for subsequent PIPAC is allowed in this study for any reason other than an adverse event, which must be reported.
A recent amendment to the protocol includes flexibility for the investigator to add Intravenous 5-Fluorouracil for the second PIPAC procedure in subjects who do not experience DLT or treatment-related serious adverse events (SAE) from the first PIPAC procedure.
After two PIPAC procedures, the study subjects may continue with further PIPAC treatments at the investigator's discretion, off-trial.
Rationale for doses selected
In one of the phase II trials which performed 48 PIPAC procedures on 17 patients exclusively with oxaliplatin [6] , 23 % of patients experienced Common Terminology Criteria for Adverse Events Version 4.0 (CTCAE) grade 3 adverse events with 64 % experiencing abdominal pain, 23 % fever, 41 % nausea, and 6 % diarrhoea. Pathological response was seen in 71 % (7 complete, 4 major, and 1 partial response) of patients. As the dose of 92 mg/m 2 has
shown good pathologic response despite a large proportion of minor (CTCAE grade 1 or 2) adverse events, we aim to perform a dose-finding study starting at a lower dose of 45 mg/m 
Postoperative follow up
Each PIPAC is performed in an inpatient elective setting with the subject admitted on the same day as the PIPAC procedure. Patients are admitted for a minimum of 3 days after PIPAC procedure for monitoring and evaluations. Subsequent evaluations are done outpatient. Details on the postoperative evaluations performed are listed in the study schedule (Table 2) .
Post study follow up and procedures
Patients who have ended treatment should be continuously followed for tumour response as per the primary clinician. Patients who demonstrate response to PIPAC with oxaliplatin can be considered for continued PIPAC beyond the first two PIPAC procedures off-trial.
Criteria for withdrawal
Participants have the right to withdraw at any point during treatment without prejudice. The investigator or regulatory authority can discontinue an individual's participation in the trial at any time if medically or otherwise necessary. The rejection to participate in the study or withdrawal will not compromise with the treatment rendered to the patient and the patient will still receive standard of care treatment. If voluntary withdrawal occurs, the subject will be asked, if willing, to continue scheduled evaluations, complete an end of study evaluation, and be given appropriate care under medical supervision until the symptoms of any adverse event resolve or the subject's condition becomes stable.
Adverse events and safety monitoring plan
An adverse event (AE) is considered serious (SAE) if it results in death due to any cause, persistent or significant incapacity, or substantial disruption of the ability to conduct normal life functions, hospitalization or prolongation of hospitalization, or an immediately lifethreatening adverse event. The risks of PIPAC can be related to surgical complications as well as to AEs from the intraperitoneal administration of chemotherapy.
An independent data and safety and monitoring board (DSMB) has been formed to monitor data and safety. The DSMB consists of three subject matter experts who are not part of the study team. The DSMB's purpose is to mitigate the risks from this trial should any unexpected serious adverse effects surface. A report is submitted to the DSMB at the completion of each cohort dose level for review, with approval from the DSMB required prior to the escalation of dose to the next cohort.
Outcome measures
Baseline details, clinical features, details of surgical treatment, histology, conclusive staging, follow up, and adjuvant therapy details of study subjects will be collected and subsequently summarized.
Surgical complications will be monitored and graded according to the updated Clavien-Dindo Classification [8] .
Toxicity will be monitored and graded according to the National Cancer Institute -Common Terminology Criteria for Adverse Events [9] . DLT are defined as grade 3 or higher toxicity which are attributable to the study treatment during the first 28 days of therapy. The maximum-tolerated dose (MTD) is defined as the dose at which fewer than one-third of patients experience a DLT. If multiple toxicities are seen in a study subject, the presence of DLT should be based on the most severe toxicity experienced. DLT definition will use data obtained from first PIPAC cycle only and any toxicities observed subsequently will be reported as AE/SAE. Clinical response will be assessed according to intraoperative Peritoneal Cancer Index (PCI) [10] during each PIPAC procedure, and with computed tomography using Response Evaluation Criteria In Solid Tumour (RECIST) [11] .
Pathological response will be assessed according to the Peritoneal Regression Grade Score (PRGS) [12] .
Quality of life will be assessed according to the European Organisation for Research and Treatment of Cancer Quality of Life Questionnaire (EORTC) QLQ-C30 [13] .
Patient samples (blood, peritoneal tumour cells, and peritoneal fluid) will be stored in a tissue bank. These samples will be stored with the intent to perform a variety of different molecular analyses to identify genetic biomarkers that are associated with carcinogenesis, cancer progression, response, and resistance to therapy.
Handling and storage of data and documents
The research data is coded to protect the study subject's confidentiality, and the links between the subject's identifiers and the codes are stored separately from the research data. According to the PI institution's research policy, the essential documents will be retained for a minimum storage of 6 years after the completion of the clinical trial.
Dissemination and publication
The study is investigator-initiated. Independent of the outcome, the results of the study will be published in international peer-reviewed scientific journals. Patient data will be presented anonymously in any publication or scientific journal.
Discussion
Peritoneal metastasis is one of the most common and challenging complications of GI cancers, portending a poor and debilitating prognosis with poor response to current systemic treatments [14, 15] . Intraperitoneal (IP) administration of anticancer drugs enables an extremely high concentration of drugs to directly contact the target cancer lesions in the peritoneal cavity. In patients with histologically proven unresectable or recurrent gastric cancer limited to the peritoneum and/or cancer cells in peritoneal cytology, the combination of IP paclitaxel with systemic chemotherapy has been shown to result in a median survival time of 23.6 months [16] . However, its effectiveness is limited by the intraperitoneal distribution and penetration of the drug [17] . Results from a recently completed phase III trial (PHOENIX-GC trial) comparing IP regimen with systemic chemotherapy vs. systemic therapy alone in Japan [18] are eagerly awaited. PIPAC seems to have the added advantage of pressurized aerosolization (better distribution and penetration), while still maintaining the traditional advantages of intraperitoneal chemotherapy (higher intratumoural concentrations as compared to systemic chemotherapy, less systemic toxicity). Each PIPAC treatment is performed laparoscopically, allowing for direct visualization of the peritoneal cavity and repeated peritoneal biopsies to assess for histopathologic response to guide therapy. Furthermore, it does not have the associated complications and technical issues associated with intraperitoneal ports (infection, port migration/blockage). This makes PIPAC a very appealing and promising technique. However, there is a dearth of phase I studies in the literature, as basic pharmacokinetic data, toxicity profile, and optimal dose is still lacking. We seek to answer these questions in this phase I trial for PIPAC with oxaliplatin, such that an optimal dose can be found, which balances toxicity with efficacy.
Conclusions
This phase I study utilizes an evidence-based approach to potentially identify the optimal dose for PIPAC with oxaliplatin to provide a scientific basis for future studies on PIPAC with oxaliplatin, such that the benefits of this novel and promising intraperitoneal chemotherapy delivery technique can be maximized. Competing interests: The funding organization(s) played no role in the study design; in the collection, analysis, and interpretation of data; in the writing of the report; or in the decision to submit the report for publication.
